A degenerative skeletal muscle disease with vascular, neurologic, and renal lesions and a probable familial distribution was identified in 4-20-month-old purebred Gelbvieh cattle. Thirteen affected animals were confirmed from 6 separate beef herds, with a mortality rate of 100%. Clinical signs in affected animals consisted of ataxia, weakness, and terminal recumbency. Gross and histologic muscle lesions were indicative of nutritional myopathy of ruminants, with a lack of myocardial lesions in most cases and only rare myocardial changes in a few animals. Acute to chronic lesions in most large skeletal muscle groups consisted of degeneration, necrosis, regeneration, fibrosis, and atrophy. Fibrinoid necrosis of arterioles was a common feature in multiple tissues. Lesions in the spinal cord white matter and peripheral nerves consisted of degeneration of the dorsal columns and axons, respectively. Changes in the kidneys consisted of chronic interstitial nephritis with fibrosis, hyaline droplet change and tubular epithelial vacuolar change and were most severe in the older calves. Intracytoplasmic myoglobin and iron were demonstrated within the hyaline droplets in degenerate renal cortical tubular epithelial cells. Vitamin E levels were deficient in most (6/7) of the animals tested. Investigation of the pedigree of affected animals revealed a common ancestry for all but 1 of the animals whose parentage could be traced. This investigation suggests that a hereditary metabolic defect, possibly involving antioxidant metabolism, could be responsible for this condition. Renal disease, possibly secondary to myoglobinuria, may be unique to this bovine condition.
ed for the condition until the pathogenesis can be more clearly defined.
Materials and methods
Affected calves were reported to the authors in the course of routine diagnostic or clinical service. Clinical examinations varied depending on the owners' purposes for submitting the calves to diagnostic institutions and were usually more detailed when animals were submitted to teaching hospitals than when they were submitted to diagnostic facilities. A neurologic examination was performed in most clinical settings and included a cerebral spinal fluid analysis in 3 animals. Serum mineral profiles, serum and whole blood vitamin E, selenium, and glutathione peroxidase levels were assayed in several affected calves. Liver mineral profiles and vitamin E levels were measured in 2 calves (1 each from a Nebraska herd and a North Carolina herd). Nerve and muscle biopsy was performed on 1 calf, and results were compared with necropsy findings 4 mo later.
Complete gross examinations were performed at necropsy (14 calves) and at slaughter (1 calf). Histologic evaluation of nervous tissue, skeletal muscle, myocardium, kidney, and numerous other organs was performed for most calves. Any gross lesions and all major organs were examined by all laboratories involved. Tissues were fixed in 10% neutral buffered formalin, processed routinely, sectioned at 5-6 m, and stained with hematoxylin and eosin (HE). Immunohistochemistry was performed on formalin-fixed tissues from 1 animal. Salient pathologic findings are listed in Table 1 .
A site investigation for 1 herd (KS) provided information on management, nutrition, and environment. Pedigree information was solicited for all affected calves, but incomplete data limited the pedigree analysis of some. No calves had parentage confirmed by DNA or serologic methods. Owner statements regarding parentage were accepted as factual.
Results
Eight affected calves from 4 herds were presented for pathologic evaluation, and 7 additional calves with well-documented data from the American Gelbvieh Association (AGA) were also considered in the analysis. Partial data from anecdotal reports and animals not receiving postmortem examinations are included here where appropriate and identified as such but were not included in the final analyses. Histologic sections produced from necropsies from purebred herds, 2 in Kansas (herds 1 and 2), 1 in Nebraska (herd 3), and 1 in North Carolina (herd 4) were reviewed by 1 pathologist (PGM) between October 1993 and September 2000. Additional cases were reported from 2 herds in Georgia (3 confirmed cases, 6 additional reports) and 1 herd from Missouri (2 cases). Cattle ranged from 4 to 20 months of age, and most were 4-10 months old when necropsied.
Georgia. The first affected cattle reported to the AGA originated from herds in Georgia and consisted of 2 fairly well-documented cases and 4 additional cases from a 50-eow herd (G1). Three animals were heifers, 2 were bulls, and 1 was a steer. Four calves were born in 1995 and 2 in 1996. Anecdotal evidence also existed of 3 additional affected calves in a second Georgia herd (G2). Four affected calves in herd G1 were full siblings produced by ova transfer from 1 Gelbvieh sire, and 3 calves from G2 were also sired by the same animal by ova transfer. In herd G2, 2 animals were full-sibling heifers and the third was a half-sibling bull. The suspect bull also sired an addi-tional calf in herd G1 by artificial insemination. The final calf from herd G1, although not directly related to the suspect sire, shared an ancestor with the bull within 4 generations. All affected calves traced back maternally and paternally to an ancestor bull, who was present in 3 locations in the pedigree of the direct sire of the calves. The ancestor bull was 4 generations removed from the common sire of the affected calves.
The owner of herd G2 reported intermittent progressive ataxia in the calves, with periods of recovery prior to death. No clinical or pathologic examinations were performed on these 3 animals. Ataxia, muscle stiffness, and recumbency were the most common clinical signs in herd G1 and were reported in 5 of 6 calves. The sixth calf (GA3) was found recumbent but seemingly recovered after systemic corticosteroid therapy. On presentation, this calf had painful, firm musculature, tachycardia (heart rate Ͼ120 beats/min), bilateral jugular pulses, vulvar mucosal petechiation, and bilateral uveitis. She relapsed 4 months later and was euthanized. Lesions observed at necropsy included acute hemorrhagic necrosis in the skeletal muscle and pale tan lesions (consistent with fibrosis) within the myocardium and skeletal muscle. No remarkable changes were seen in the brain or spinal cord of this calf. Cranial nerve function and withdrawal reflexes were intact in all calves. Abnormalities in hematology and clinical chemistry evaluation included anemia and neutrophilia with a left shift in 2 calves, and elevated creatine kinase (CK) was recorded in 3 of 4 calves from which data were available. Levels of CK were Ͼ65,000 IU/dl (normal, Ͻ250 IU/dl) in 3 of 4 calves tested. Other serum chemistry values were not significantly different from those of normal herdmates. Two calves had hematuria and proteinuria. Gross lesions were common in muscle and included areas of hem-orrhage and pallor of various sizes affecting cervical and lumbar muscles and large muscles of the pelvic limbs. Histologic lesions included myofiber swelling, loss of cross striations, necrosis, mineralization, edema, and scattered hemorrhage or fibrosis. Fibrinoid vascular necrosis was common and most prominent in muscle tissue but also was noted in intestinal submucosa, liver, and gallbladder. Neutrophils and mononuclear cells were associated with the vascular lesions in 2 calves, and 1 calf had intranuclear inclusions in endothelial cells. The intranuclear inclusions were determined by electron microscopy to be adenoviral particles and were not considered relevant to the disease. Two of the calves from herd G1 also had mild lesions of myocarditis, similar to the skeletal muscle lesions, with cardiomyocyte degeneration and necrosis and vasculitis with fibrosis. Renal lesions consisted of mild interstitial nephritis and scattered tubular epithelial necrosis. Serum copper was marginal in 1 calf, and in 2 calves selenium levels were normal (60 and 74 ng/ml; normal, 60-150 ng/ml) and vitamin E levels were low (1.42 and 2.82 g/ml; normal, 3-6 g/ml).
Missouri. Two Missouri calves (MO1 and MO2) had typical lesions of muscular and vascular necrosis along with dorsal white matter tract spinal lesions. These calves were related to the Georgia calves within 5-7 generations maternally and paternally. A 6-monthold male calf and a 7-month-old female calf were examined from separate farms. The spinal cord was not examined at the postmortem examinations, and vasculitis was not reported, so these calves were excluded from the study.
Calf MO1 was stiff and reluctant to walk, and calf MO2 was dragging the right rear leg 1 day and recumbent the next day. Gross lesions in MO1 included reduced muscle mass and pallor involving both the rear leg and epaxial muscles. Distal pelvic limb muscles and forelimb muscles were less affected. Muscle loss and necrosis were most severe in the semimembranosus and semitendinosus muscles. Hemorrhage was present in some foci, and mild sinusitis with nasal exudate was reported. Microscopic lesions included scattered myocardial and widespread skeletal muscle necrosis. Vascular necrosis was accompanied by fibrin, neutrophil infiltrates, and edema of the muscle. There was focal mineralization of muscle at the periphery of the lesions. Vacuolation of the dorsal spinal white matter tracts was mild but distinct, and dorsal root ganglia were hypercellular, containing scattered lymphocytes among the nerve cell bodies. Calf MO2 had bilateral pale streaks in the caudal thigh muscles. Muscular fibrosis and rare swollen hypereosinophilic fibers were seen histologically, along with occasional areas of increased perimysial cellularity. Subtle vacuolation of the dorsal white matter tracts was uniformly present along all sections of the spinal cord in this calf. Renal lesions in 1 calf consisted of mild foci of mineralization, and the second calf had wedge-shaped regions of fibrosis and mild interstitial nephritis.
Two additional Gelbvieh calves were reported with ataxia and recumbency from 2 additional Missouri herds. No mention of spinal cord lesions was provided, and these calves were excluded from the study. Pedigree data were available on 1 of these calves, and this calf was traced maternally and paternally to the sire of the Georgia calves within 7 generations.
Nebraska. A 6-month-old steer (NE1) and a 6month-old heifer (NE2) were submitted for necropsy evaluation from a Nebraska herd and a Kansas herd, respectively. Pedigree information was unavailable for these calves. Calf NE1 was purebred Gelbvieh, and NE2 was a 3/4 Gelbvieh cross with an Angus maternal grandsire. Calf NE1, from a 100-cow herd, had a history of rear limb weakness followed by recumbency. Calf NE2, from a 275-cow herd, was presented in lateral recumbency. Both calves were bright and alert with apparently normal cranial nerve function. Gross examination revealed extensive bruising, edema, and hemorrhage in the lumbar and thigh muscles. Myonecrosis, fibrinoid vasculitis, mineralization, and multinucleate giant cells (rhabdomyoblasts) were noted in some sections. Muscle fibrosis indicated a chronic lesion. Kidneys were minimally affected in 1 calf, but interstitial nephritis and membranoproliferative changes in the glomeruli were identified in the other calf. Subtle vacuolation of dorsal medial funiculi was present at all levels of the spinal cord. Trace mineral analysis, with low copper (18.1 ppm; normal, 25-100 ppm), manganese (1.75 ppm; normal, 2.5-4.0 ppm), and vitamin E (7.87 g/g; normal, 20-40 g/g) levels, were recorded on dry weight basis on liver from calf NE1. Marginal copper and manganese are common in the region. Selenium was adequate at 0.98 g/g of liver, dry weight (normal, 0.7-2.5 g/g).
Kansas. Five calves (KS1-5) originated from 1 herd of 450 cows. Pedigrees were available for 3 calves, which were sired by the sire of the calves in Georgia and therefore paternally linked to the Georgia and Missouri calves. The same sire also occurred in the pedigree on the maternal side of each of these 3 calves.
The 5 Kansas calves, a bull and 4 heifers, were presented with a history of posterior ataxia or nonspecific lameness, which progressed to recumbency. Calves ranged from 8 to 20 months of age at the time of necropsy. One calf was hospitalized and examined daily for 4 months and spent most of that time recumbent and would stand with assistance and remain standing for brief periods only. Feed sampling for selenium and vitamin E levels revealed adequate levels of both. The owner of herd KS indicated that macromineral and trace mineral supplementation was routinely practiced but that no vitamin E had been added to the diet.
Significant gross findings in most large skeletal muscle groups included focally extensive and bilateral hemorrhage, necrosis, atrophy, and fibrosis. Acute and chronic changes were present in most muscle tissue. Zones of hemorrhage and necrosis predominated in some muscles (Fig. 1 ), and focally extensive to diffuse fibrosis and atrophy were evident in others. The severity of changes was consistent between the muscles and among the animals, and effects were always bilateral. Hemorrhage and necrosis were present in the tongue, laryngeal, semimembranosus, gluteal, rectus abdominus, diaphragm, longissimus dorsi, and quadriceps femoris muscles. Zones of hemorrhage and necrosis were 2-10 cm in diameter within the superficial and deep muscle tissue and often were scattered among pale nodular foci of fibrosis of similar sizes ( Fig. 1 ). Occasional gritty mineralized foci were identified and appeared as thin, linear yellow streaks. Atrophy and fibrosis were prominent in the gluteal, subscapularis, supraspinatus, and long head of the triceps muscles. Hemorrhage and fibrosis in the diaphragm, internal abdominal oblique, and hypaxial muscles appeared similar to changes in other affected muscle tissue.
Kidneys were pale and slightly swollen, with a finely granular appearance to the subcapsular cortex. Additional lesions in animal KS5 consisted of large mul-tifocal zones of hemorrhage and edema, most prominent in the serosa of the rumen. Ecchymoses and edema were present in the urinary bladder mucosa and the mesentery.
Histopathology of skeletal muscle varied from acute degeneration and necrosis to chronic atrophy and fibrosis with occasional regeneration. In many muscle sections, focally extensive zones of myofiber necrosis and mineralization were surrounded by hemorrhage and edema and moderate accumulations of neutrophils. Accumulations of macrophages and occasional multinucleated foreign body giant cells were present in the Von Kossa-positive mineralized material. Adjacent to mineralized tissue, myofibers were swollen and fragmented. Hypereosinophilia and loss of cross striations (Zenker's necrosis) and the proliferation of myofiber satellite cells also were apparent (Fig. 2) . Phosphotungstic acid (PTAH) stains accentuated the loss of cross striations. Acutely affected myofibers contained centralized nuclei and pale cytoplasm. Fibrosis and mild inflammatory infiltrates were prominent within the subscapularis, supraspinatus, and long head of the triceps muscles. Muscle fiber regeneration, characterized by cytoplasmic basophilia, nuclear rowing, and multinucleated rhabdomyoblasts, was evident in occasional sections. Lesions possibly associated with crushing of muscle in the recumbent animals were evaluated separately and were not included in the descriptions of lesions related to this disease.
Fibrinoid vascular necrosis was most prominent in the skeletal muscle sections, where hemorrhage was severe. Fibrinoid change was also present in arterioles of the aortic vasa vasora, kidneys, urinary bladder, meninges, mesentery, and forestomachs ( Fig. 3) . Hyaline degeneration and mural hypereosinophilia with loss of cellular detail of smooth muscle cells in the tunica media were evident in vessels. Intramural degenerate neutrophils occasionally were present within vascular walls. Cuffs of degenerate neutrophils and eosinophils with mild hemorrhage surrounded necrotic vessels (Fig. 3 ).
Central nervous system lesions were usually mild and confined to the white matter of the myelencephalon and dorsal medial spinal tracts. Occasional aggregates of microglial cells and foamy myelin debris were present. Mild spinal changes were consistently present and slightly accentuated in the caudal cervical and thoracolumbar white matter. Spongiosis with ax- onal loss and myelin degeneration of the white matter, confirmed by Luxol fast blue staining, affected the fasciculus cuneatus and to a lesser extent tracts of the fasiculus gracilis. Multifocal degenerate axons within nerve sheaths were slightly swollen and were accompanied by foamy gitter cells and small amounts of cellular debris. Neurons appeared normal. In longitudinal sections of affected spinal cord, nerve sheaths of dorsal columns were swollen and contained multiple linear arrays of gitter cells. Changes in the adjacent spinal nerves and ganglia were rare, limited to the dorsal spinal nerves and nerve rootlets, and characterized by occasional axonal degeneration, gitter cell accumulation, and cellular debris within empty axon sheaths.
Brachial plexuses, sciatic nerves, and femoral nerves from 4 animals examined had moderate changes that included swollen axon sheaths, digestion chambers, and gitter cells (Fig. 4) . Ventral roots of the right 13th thoracic spinal nerve, harvested at necropsy from animal KS4, had moderate degenerative changes similar to those of the other peripheral nerves, and a biopsy of the contralateral 13th thoracic spinal nerve taken at presentation 4 months prior was similar. Renal lesions were bilateral and most severe in older calves and consisted of multifocal interstitial nephritis with fibrosis, hyaline droplet change, and medullary tubular mineralization. Interstitial lymphocytes were admixed with plasma cells, eosinophils, and small numbers of neutrophils. Mesangial tufts were rarely hypercellular, and affected glomeruli contained small numbers of mixed inflammatory cells. Hyaline droplets and hemosiderosis were present in severe cases. The hyaline droplets stained deeply basophilic with PTAH ( Fig. 5 ).
Prussian blue stain confirmed the presence of abundant iron within the hemosiderin granules. Medullary tubular epithelial cells were occasionally necrotic and mineralized. Fibrin, amyloid, and hemoglobin casts were not identified in sections of kidney stained by PTAH, Congo red, or Dunn-Thompson hemoglobin stain techniques, respectively.
Serum samples collected at the time of presentation of 3 of the Kansas calves (KS3, KS4, KS5) were submitted for vitamin E and selenium evaluations. The vitamin E levels were deficient in all 3 calves. The vitamin E and selenium levels in calf KS3 were respectively 48.9 g/dl (deficient, Ͻ200 g/dl; normal, Ͼ400 g/dl) and 0.06 g/ml (deficient, Ͻ0.05 g/dl; marginal, 0.05-0.10 g/dl; normal, 0.1-0.5 g/dl).
The vitamin E level in calf KS4 was 139 g/dl. The vitamin E level in calf KS5, expressed as the ratio of vitamin E to serum cholesterol was 1.17 (deficient, Ͻ1.5; normal, 3.0-6.0). The selenium level was 192 ng/ml (normal, 120-250 ng/ml).
North Carolina. The single calf from North Carolina (NC1) was an 11-month-old purebred Gelbvieh steer from a cow-calf herd of 46 cows with calves and a ''clean-up'' bull. The owner indicated that the sire of NC1 was different from the sires of the other affected calves this case report, and pedigree records indicated that the sire and dam were not related to the ancestor or direct sires of the other calves of this report. The steer had been castrated approximately 2 months earlier and had been relatively lethargic since about the time of surgery. The animal was presented to the Rollins Animal Disease Diagnostic Laboratory in Raleigh, North Carolina, shortly after euthanasia. A complete necropsy revealed gross changes in the skeletal musculature similar to those observed in calves KS1-5 ( Fig. 1) and kidneys similar to those previously described in the animals from the Kansas and Nebraska herds. The most severely affected muscles in NC1 were the gluteal, semimembranosus, semitendinosus, diaphragm, and laryngeal muscles. Histopathology revealed lesions in the skeletal muscle, kidneys, dorsal funiculi of the spinal cord, and systemic vasculature similar to those of the animals previously described. An additional feature, not seen in most of the other calves from the other states, was multifocal myocardial fibrosis with mild neutrophilic and histiocytic inflammation within the myocardial papillary muscles. Interstitial nephritis was milder in this calf; however, renal tubular necrosis and hyaline droplets were similar to those in several other animals.
Liver assays for copper, selenium, and vitamin E were performed on fresh liver tissue from NC1. Copper and selenium levels of 51.9 ppm and 0.34 ppm, respectively, were considered within the normal ranges.
Immunohistochemistry for myoglobin on sections of kidney from NC1 revealed myoglobin within the tubules and within the hyaline droplets in tubular epithelial cytoplasm.
Discussion
Modern livestock production practices such as embryo transfer, artificial insemination, and selective breeding have enhanced the rapidity of genetic change in livestock. Although these technologies have markedly improved livestock production, they have also allowed individual sires and dams to impact, for better or worse, large numbers of geographically dispersed offspring. Vigilant investigation and nationally centralized reporting of inherited or potentially inherited disorders is essential for mitigating negative economic impacts of inadvertently disseminating undesirable recessive genes. National breed organizations exist in most countries for the purpose of breed improvement and to maintain the genetic integrity of the breed. These groups all maintain centralized records regarding abnormal calves. Responsible breeders report structural or functional abnormalities to these organizations, which may provide diagnostic assistance. In beef breeds, numerous examples of breed-specific diseases with established or suspected hereditary causes have been documented. 10 The combination of skeletal muscle necrosis, fibrinoid vascular necrosis, and dorsal white matter tract lesions appears to be a unique syndrome in these related Gelbvieh calves. The current case definition would include Gelbvieh calves with bilateral muscle necrosis, hemorrhage, and fibrosis in combination with dorsal spinal cord white matter degeneration. Fibrinoid vasculitis, peripheral nerve damage, nephritis, and nephropathy also appear common, and tissues should be examined for these lesions in future suspected cases. Pedigree data should be collected from future cases and submitted to the AGA to document the possible familial relationship.
Similar to vitamin E-selenium deficiency (VESD) of cattle, 6 of the 7 cattle tested in this report had low serum or liver levels of vitamin E. Some histopathologic changes identified here are similar to those described for nutritional myodegeneration (NMD) of cattle. 9 Although myoglobinuria is not common in cattle, it has been described in cases of bovine VESD or vitamin E deficiency but not in cases of strict selenium deficiency. 7, 11 Similar to NMD in cattle, this BFDNMD warrants a poor prognosis; mortality rate in the affected calves was 100%.
Normal serum levels of vitamin E in 3 of 5 calves, normal selenium levels in all tested calves, and the difference in clinical presentation and common lesions from classical NMD argue against a simple nutritional or toxic cause. Vitamin E liver levels were deficient in the single calf measured from herd NE and normal from the liver of the single animal from herd NC. Low levels of some nutrients in a few calves might be incidental, and too few data are available to make any definitive conclusions about the selenium or vitamin E status of this population of animals.
Lesions of BFDNMD differed from those of NMD in that myocardial degeneration, a common feature of NMD, was identified in only 2 animals (MO1 and NC1) and was mild in these animals. In addition, neurologic signs were common in the Gelbvieh cattle, and spinal cord lesions were consistently present. In the limited number of cases of BFDNMD in which peripheral nerves were examined histologically, the lesions of the peripheral nerves appear to be irreversible. Animal KS4 was the only animal observed clinically for any length of time (4 months) after recumbency developed. Peripheral nerve changes in the left ventral spinal nerve T13, taken as a biopsy specimen at the time of presentation, were essentially the same as those of the contralateral nerve, taken at the time of necropsy. Although the lesions were identical, there had been no resolution of the lesion, even following 4 months of a diet that included nutritionally balanced levels of vitamin E and selenium. Peripheral neuropathy has not been described as a feature of bovine VESD.
The appearance of BFDNMD in almost exclusively related cattle differs from what is known about VESD or NMD. Hereditary myopathies of cattle are rare, with glycogen myophosphorylase deficiency of the Charolais breed being perhaps the only example of such a syndrome. 1 Unlike the Gelbvieh cattle here, the muscle lesions of the Charolais disease consist primarily of the accumulation of subsarcolemmal vesicles in skeletal muscle cells of affected animals. 1 The apparent familial nature of BFDNMD in the Gelbvieh breed (all direct descendants of a single ancestral bull and 14/15 directly sired by a single bull) was considered supportive of but not conclusive for a hereditary etiology. The ancestral sire is 4-7 generations back in the pedigrees and, although common to all these calves, may have been a foundation sire in the breed. Controlled breeding trials or mathematical evaluation of pedigree data from a control population may be helpful. At this time, any description of an inheritance pattern is speculative. The presence of the condition in male and female cattle with apparently random distribution perhaps rules out a sex-linked trait.
A number of related genetic mutations in humans have been associated with a condition known as ataxia with isolated vitamin E deficiency. The phenotypically variable condition is the result of heterogeneous mutations in the human gene for the ␣-tocopherol transfer protein responsible for efficient recycling of serum vitamin E. Although there is normal resorption of vitamin E, affected humans have a deficiency of vitamin E, with clinical features of ataxia, numerous peripheral neurologic deficits, and occasional cardiomyopathy. 4 The human ataxia condition, if treated early with massive doses of vitamin E, is reversible. 4 The changes in this Gelbvieh condition are similar to those associated with VESD in other species. For example, the Gelbvieh condition resembles the neurologic condition that is associated with VESD in primates and rats. 14 In rhesus monkeys, progressive neurologic lesions with loss of sensory axons from the dorsal columns of the spinal cord and axonal degeneration of the sensory roots and peripheral nerves were identical to those seen in BFDNMD.
Vasculopathy in multiple body systems of several animals in this report was considered concurrent with rather than the cause of the skeletal muscle lesions, because numerous sections of necrotic muscle from multiple animals contained no discernable vascular lesions. Vasculopathy, which was identified routinely in multiple tissue sections from calves in herds GA1, N1, KS, and NC, was suspected but not confirmed histologically in the animal from Herd N2.
Administration of excess iron has been associated with increased oxidative stress that results in prominent microangiopathy in swine with concurrent vitamin E deficiency. 12 In these Gelbvieh cattle, the increased iron content of the tubular epithelium may have been responsible for continued sublethal damage to the renal tubules with resulting tubular necrosis, chronic interstitial nephritis, and fibrosis.
Gelbvieh familial degenerative neuromuscular disease also shares features with chronic exertional rhabdomyolysis (azoturia or ''tying-up'') of horses. 3, 9 A classic feature of azoturia of horses with moderate to severe rhabdomyolysis is myoglobinuria, which can result in acute renal failure with myoglobin casts and tubular necrosis. 9 Vitamin E deficiency with possible concomitant selenium deficiency is suspected to figure prominently in the pathogenesis of equine rhabdomyolysis. Myoglobin is a complex oxygen-binding protein of the sarcoplasm of vertebrate striated and cardiac myofibers that supplies the mitochondria with oxygen during exercise. 5 Although myoglobinuria and myoglobinuric ne-phrosis is not common in cattle with nutritional myodegeneration, the extensive myonecrosis in these cattle could explain the abundant myoglobin in the renal tubules, similar to the situation in horses. Positive immunohistochemical demonstration of myoglobin in the renal tubular epithelial hyaline droplets and the tubular protein of NC1 confirmed myoglobinuria. An additional feature of BFDNMD that mimics equine azoturia is the prominent gluteal atrophy, seen in affected horses and in the cattle in this case report. 3, 13 Iron was identified in the form of hemosiderin granules in degenerate renal cortical tubular epithelium and was admixed with the hyaline droplets in the apical cytoplasm of degenerate cells. Iron from cytochrome P-450, liberated from the damaged myofibers and adjacent renal tubular epithelial cells, has been implicated as a potential etiology of lesions of acute renal failure with myoglobinuric nephrosis. 2 Numerous toxins can cause skeletal myodegeneration in cattle 9 but were considered an unlikely cause of the problems in these cattle because of their temporal and spatial distinctiveness in otherwise unaffected herds.
Adenovirus particles in the nuclei of endothelial cells from 1 of the cattle from Georgia was probably incidental because similar inclusions were not identified in any of the other animals. The familial and scattered nature of the disease in these cattle makes an infectious etiology less likely.
Hereditary neurologic syndromes have been described in the Brown Swiss breed, which shares ancient lineage with the Gelbvieh breed. These syndromes include spinal dysmyelination (SD), bovine progressive degenerative myeloencephalopathy (BPDM) or ''Weaver'' syndrome, and spinal muscular atrophy (SMA). 16, 17 In calves affected with SD and SMA, onset occurs at birth and at Ͻ8 weeks of age, respectively. 8, 16, 17 Lesions described from cases of BPDM differed from those of BFDNMD; there is no necrosis in the lesions of BPDM to match the necrotizing changes so prominent in the cases of BFDNMD in this report. 15, 17 The Brown Swiss syndromes are not suspected to be associated with lesions of lipid peroxidation.
Neurogenic atrophy and crush injury of skeletal muscle tissue was unlikely in these cases of BFDNMD. With neurogenic atrophy, skeletal muscle lesions are mild and consist primarily of individual myofiber atrophy. 18 Crush injury was considered a possible cause of the muscle damage in this report; however, great care was taken during the selection of tissues to avoid muscles damaged as a result of recumbency. Lesions were severe, for example, in the longissimus dorsi and diaphragm muscles of most animals and were considered unlikely to have been caused by pressure necrosis.
A unique, idiopathic necrotizing and degenerative disease has been observed in Gelbvieh cattle, BFDNMD. The animals in this report originated from 6 different herds in 5 states, and most were apparently closely related. The lesions are reminiscent of nutritional myodegeneration of cattle and share some features of disease of numerous animal species attributable to vitamin E and selenium deficiencies. Diagnosticians should fully investigate cases of myodegeneration in this cattle breed.
